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Novel Mat erials, their Preoaratton and L^ se 

The present Invention relates to novel polymer-materials, In particular, to novel biomater^ls. 
in fonn of a specific predpilate, into which other components may be Incorporated. In 
particular pharmaceutlcally active agents, which can thereafter De released to their 
environment fn a controlled manner; furthermore to processes for the manufacture of such 
predpitates and to pharmaceub'cal competitions and medical devices based on said. 

The term "blomaterials" refers generally to materials which have certain characteristics 
related to their behavior In a bioenvlronment In particular, such materials must disintegrate 
in a natural environment and should metabolize after fulfilling their purpose without leaving 
any trace. Furthenriore, biomaterials should not Invoke an adverse response, for Instance an 
inflammatory or toxic response in the environment In whlrti they are used. In addition to »ial, 
they should be easy to sterilize and easy to process Into a desired product fonn. It is also of 
great advantage if such materials exhibit mechanical properties that suit to the intended 
application and if they attend an acceptable shelf life. 

The first polymeric biomaterials prepared from glycolic add and lactic acid have found a 
multitude of uses In the biomedical Industry, beginning with the biodegiadable sutures first 
approved in the 1960s. Since that time, diverse products based on lactic and glycolic acid - 
and on other materials, including poly(dloxanone), poly{trimethylene cartionate) copolymers, 
and poly{e-caprolactone) homopolymers and copolymers - have been accepted for clinical 
uses as medical devices. In addition to these approved devices, a great deal of research 
continues on polyanhydrides. poiyorthoesters, polyphosphazenes. and other biodegradable 
polymers. 

Polymeric blomateriai can be either natural or synthetic. In general, synthetic polymer- 
materials offer certain advantages over natural materials, particularty because they can be 
tailored to give a wider range of properties and a more predictable lot-to-lot unifornilly than 
materials from natural sources. Synthetic polymers also represent a more reliable source of 
raw materials, and one free from concerns of Immunogenicity. Novel synthetic polymer- 
materials ha^ng the important characteristics of biomaterials are therefore etill strongly 
80ught>after 
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it is an objective of the instant invention to provide sucli novel solid materials, in particular 
biomateriats having all of the characteristics menOoned above. These matenals shall be able 
to Incorporate further components. Including particularly phartnaceutlcally acUve agents, 
Inside of their matriXi and to release said components thereafter in a controlled and 
reproducible manner, paftlcuiarl/ In a prolonged manner as compared to when eaid further 
components would have been administered In usual fonn. 



It has now surprisingly been found that novel compositions comprising at least an anionic 
poiymeric component which is as such soluble in waten an amphiphliic ammonium*type 
component, and a oyclodextrin component meet the objective mentioned above. These 
compositions are specific precipitates comprising the mentioned components and can be 
best characterized in that they are obtainable by a process which includes the following 
process steps: 

1 . contacting the anionic polymeric component and the cydodexlrln component in an 
aqueous medium, and 

2. adding to the mixture obtelned In step 1 the amphrphillc ammonium-type component 

Certain compositions, in particular pharmaceutical compositions, which comprise, in addition 
to a pharmaceutically active agent, a c^dodextrfn compound and a quartemary ontum 
compound as preseivativej inclusive of preservatlvely effective amphiphliic onlum 
compounds Bice for Instance benzalkonium chloride, benzoxonium chloride, cetylpyridlnium 
chloride or cetyltrlmethylammonlum brorrtlde, and fuifhemnore a carrier which optionally may 
also comprise a polymer, Inclusive of water-soluble anionic polymers, for Instance 
carboxymethyl cellulose, starch derivatives, alginates, pectins, xanthan gum. tragacantha 
gum or polyacryllc-acld-type polymeric components, are already known in the art, and are 
disclosed in EP-A-0 862 414. 

Except from the fact, however, that these compositions comprise the quartemary onfum 
compound only In amounts necessary to provide a preservative effectiveness, in particular in 
amounts of 0.5 percent by weight (%bw) maximum, said compositions have also been 
designed to meet an objective which Is entirely different from that of the instant Invention, 
inasmurfi as these compositions are Intended to maintain the bio-aviailablllty enhancing 
effect which oyclodextrin compounds usually have on pharmacologically active agents v^rtiich 
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are used fn oombinafion therewith, and to simuttanebusly enhance the preservative efficacy 
of a preseivative which is (ower than usual in the presence of a cyclodexlrin compound. In 
order to achieve this objective. It is obOgatory that these compositions comprise an alkylene 
glycol compound as a further component which provides the above mentioned functlonallty, 
In addition to its usual functionality as a tonicity andfor solublltiy enhancing agent. The 
presence of such alkylene glycol compounds is by no means essentia) for the Instant 
invenb'on. 



Furthermore, the compositions spedficatly disclosed In EP-A-0 862 414 are either aqueous 
solutions or, in one case, a strongly watery gel having about 95 %bw of water content, and 
even though the reference mentions that the disclosed compositions could also have the 
fonn of a solid Insert, It does not disclose any specific form of a suitable solid material for 
use as such insert, particularly not a precipitate obtained by contacting the anionic polymeric 
and the cydodextrin component In an aqueous medium, and adding thereto the amphlphiHc 
ammonium-type component, if desired In the presence of further components. 

A first subject of the Instant Invention is accordingly a precipitate comprising at least an 
anionic polymeric component which Is as such soluble in water, an amphiphilic ammonium- 
type component, and a cyclodextn'n component, which precipitate is obtainable by a process 
which indudes the following process steps: 

1. contacting the anionic polymeric component and the cydodextrin component In an 
aqueous medium, and 

2. adding to the mixture obtained in step 1 the amphiphilic ammonium-type component; 
wherein said components are present in amounts suitable to fomi said predpltate.. 



A spedfic embodiment of the materials according to the Invention te a predpitate comprising 
said anionic polymeric component, said amphiphilic ammonium-type component, said 
cydodextrin component and one or more further components, for instance components 
selected from pharmaceutlcally active agents, pestlddes, agrochemicals. colorants, 
diagnostics, enzymes, foodstuffs and so on. which preclpitatg Is characterized in that It Is 
obtainable by canying out the process steps mentioned above in the presence of said one or 
more further components, which are, for instance, added in course of step 1 and/or 2. 
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The precipitates according to the invention are, particularly advantageous, obtainable by 
dissolving tfie anionic polymeric component, tlie cydodextrin component and, if present, 
further components comprised in said precipitate which are as such soluble in water, In an 
aqueous medium as carrier to fomn a first composition; dissolving the amphiphilic component 
and blending therewith in a suitable liquid canler, preferably also an aqueous medium, if 
present, further components comprised In said precipitate which are insoluble in water, to 
form a second composition; and contacting said first and second composition to form the 
corresponding precipitate according to the invention, separating itself from the mother liquor. 

The anionic polymeric component, the amphiphilic component and the cydodextrin must be 
present in amounts which are effective to form a precipitate. These amounts may vary to a 
great extent, depending, for instance, on the specific compounds used for manufacturing a 
certain precipitate, the specific composition of the aqueous caniers as well as the processing 
parameters. Preferably, however, the anionic polymeric component is used in a quantity of 5 
to 30 %bw, In particular 7 to 25 %bw, based on the total quantity of anionic polymeric 
component, amphiphilic component and QfdodexWn component, whereas the amphiphilic 
component and cydodextrin component are preferably used in greater amounts, for instance 
the pycotdextrin component in quantities preferably ranging from 20 to 70 %bw, in particular 
35 to 65 %bw, based on the total quantity of anionic polymeric component, amphiphilic 
component and cydodextrin component The amphiphilic component is preferably used in 
quantities of 10 to 75 %bw, more particularly of 15 to 70 %bw, most partlculariy of 25 to 60 
%bw, based on the total quantity of anionic polymeric component, amphiphilic component 
and cydodextrin component This is more than about hundred ttmes of what Is necessary 
when such amphiphilic ammonium-type compounds are used to function as preservative as 
disclosed in EP-A-0 862 414 (cf. for instance Example 2 of this reference, the description of 
which is explicitly induded into the Instant application). 

Suitable concentrations of the anionic polymeric component, the amphiphilic component and 
the cydodextrin in the aqueous medium or the carrier into which they are incorporated for 
being contacted with one another depend, of course, on ttie solubility of ttiese components 
In said medium or said carrier- On the other side, due to the low. solubility of the precipitates 
according to the instant Invention in aqueous media, these concentrations are rather 
uncritical and may be rather low, ranging for instance from about 0.1 %bw or even lower 
values upward. The maximum concentration, on the other side, is generally limited only by 
the limited solubility of the components in question in the aqueous medium or the carrier. 



• A . CT 



'02 FR 10:03 FAX 



-5- 

Concentrations, which are particularty advantageous in practice, range, for instance, from 
0.5 %bw to 50 %bw (where possible), preferably from 0.5 %bw to 35 %bw , especially 
1 %bw to 20 %bw. 

For the purposes of the Instant application "aqueous medium" and "aqueous carrier* are to 
be understood as a liquid medium or carrier comprising water as one, In particular as the 
m^or liquid component, preferably being present In amounts of 90 to 100 %bw of the entire 
aqueous medium or canler. The presence of non-aqueous liquids in the aqueous medium or 
canler Is not crtMcal, as long as It does not prevent the formation of the precipitate, that 
means as far as the precipitate is still sufllcientiy insoluble in tfie aqueous medium to be 
fbmied. The non-aqueous liquids must, of course, be acceptable In view of the Intended use 
of the predpitate. In a more preferred sense "aqueous medium" and "aqueous carrier" shall 
mean a liquid medium or cam'er comprising water and 0 to not more than 5 %bwof one or 
more non-toxic non-aqueous liquids as the liquid components. IVIost preferably, water of a 
suitable grade depending on the requirements of the application, for Instance, a de-ionized 
and/or sterilized water, is the only liquid component which present in the aqueous medium or 
carrier. 

The precipitates according to the instant invention are highly insoluble in aqueous media, as 
already mentioned above. Once the anionic polymeric component, Uie amphlphllic 
component, the cyclodextr/n and the components, if present, have been brought Into contact 
in the aqueous medium, the precipitates form generally rather fast, for instance in course of 
a time period of a second or less to about 30 minutes. The yield in precipitate which can be 
isolated is nonnally In a renge of 30 to 100 %bw of the theoretically possible value (that Is 
the sum of the quantities of s^d educts), for Instance 40 to 90 %bw. The predpiteites may of 
course comprise a certain amount of the liquid components of their mother liquor, that 
means in particular of water, the amount of water ranging, for instance, from about 2 to 
50 %bw based on the entire precipitate. Wet forms as obtained right after reaction contain 
usually higher amounts of water, for instance about 40% bw. Depending on the specific 
after-treatment of the precipitate (drying parameters etc.) the water content decreases in 
general to values ranging frequently from 2 to 30 %bw, for example from 10 to 20 %bw. It is 
so possible to prepare precipitates according to the Instant Invention having an even lower 
content in water. 
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Allhough the detailed Internal structure of the precipitates according to the invention is not 
yet known, and without wanting to be bound to any theory, it is Indicated by HPLC analysis of 
the precipitates that ttie components comprised in therein, in particular the anionic polymer, 
the amphiphllic compound and the cyciodextrin compound, do not react with one another in 
a chemical sense when forming said precipitate, In particular, it does not seem as if covalent 
bonds would exist between any of tttese compounds. 



The predpitates according to the Invention generally fulfill the criteria expected from usetui 
biomaterials. In particular, the precipitates do not invol<e an inflammatory or toxic response. 
They can be easily processed Into a desired product form, can easily be steriHzed, and 
^hibit an acceptable shelf life. Furmermora. they e)4iibit good mechanical properties. So. 
for instance, if the material is used for supporting ir^ured tissue, Its mechanical strenaffi 
remains, in general, suffidently strong until the surrounding tissue has healed. 

Certain materials according to the Inventkm show ©lertric conducti>%. for instance a 
material comprising a precipitate comprising hyaluronic acid as ttie anionic polymer 
component, gamma-oyclodextrin, cetyl-dlmethyl-(2-hydro)^thyl)-ammonium 
dihydrogenphosphate as the amphiphllic connpound and optionally elemental iodine. 

Moreover, tfie precipitates according to the inventon disintegrate fast in a nabjral 
environment and finally metabolize, for instance, In the body after having fulfilled «ieir 
purpose without leaving traces. This biodegradatlon is, in general, the faster the more 
hydrophillc the backbone of the anionic polymeric component Is, the more hydrophillc end-, 
groups It has and the more hydrolyUcally reactive groups Its backbone has, as wen as the 
poorer the crystalllnlty and the stronger the porosity of the polymeric material is, which Is 
comprised in the predpitates according to ttie invention. 

A partlculariy surprising and valuable aspect of the instant Invention is, that tiie precipitates 
according to the instant invention provide a water-4n80luble matrix vehicle which can 
incorporate ottier components inside of this matrix. Without wanting to be bound to any 
4iBory, it appears that Hiese additional components are partially earned in molecuiariy- 
entrapped form in the cyciodextrin groups of the precipitate and/or partially bound by other 
physical forces In tiie micellar-poiymeric structure of flie precipitate. Said other components 
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are released by the precipitate in a reproduciWe and controIlaWe manner, particularty in a 
prolonged manner as compared to when safd further components would have been 
administered In free form, so that precipitates according to the Invention which comprise 
such further components Incoiponated into themselves represent depot fbrmulations of these 
further compounds. 



A preferred embodiment of the precipitates acconJIng to the invention therefore comprises 
one or more further components, In addition to those mentioned above as already mentioned 
above. These other components are, for Instance, selected from phannaceutlcally active 
agents, pesticides, agrochemicais, colorants, diagnostics, enzymes and foodstuffs. 



The anionic polymeric component of the preciprlates according to the instant Invention 
comprises one or more than one anionic water soluble polymers in admixture. 

With regard to these polymers "Water soluble" means for the puiposes of this application that 
at least 0.5 %bw and more, m particular l %bw arjd more of the polymer component can be 
dissolved In water. Suitable concentrations depend, in general, on the viscosity of the 
resulting solution. Frequently it is difficult to handle aqueous solutions of more than 2 to 
3%bw of the polymer component because such solutions have already a too high viscosfly. 
Sometimes such solutions may already be •solid" hydrogels. 



The term "anionic polymer" means for the purposes of the instant application a polymer 
comprising groups, which are at least partially dissociated in an aqueous medium, thereby 
fomiing anionic molecular groups bound to the polymer and imparting water solubility to the 
polymer compound, for example carboxylic acid or carboxylic acid salt groups. Suitable 
anionic polymers include non-toxic water-soluble polymers, such as hyaluronic acid, 
cartjoxymelhyl-cellulose, other cellulose derivatives, such as methylcellulose, carboxy- 
melhyfcellulose. hydroxymethylcellulose, hydroxyethylcellulose. methylhydroxypropyl- 
cellulose and hydroxypropyiceilulose. poly(mBth)acryllc acid type polymers, like polyacryllc 
acids, such as neutral Carbopol", or ethyl acrylate. polyacfylamldes. natural products, such 
as gelatin, alginates, pectins, tragacanth, karaya gum, xanlhan gum, carrageenln. agar and 
acacia, starch derivatives, such as starch acetate and hydroxypropyl starch carboxymethyl 
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stardh and water«solubIe salts of such polymers, and also other synthetic products, such as 
polyvinyl alcohol, polyvinyl pyrrolidone. polyvinyl methyl ether or polyethylene oxide. 

Preferred anionic polymers are hyaluronic acid, carboxymethyl cellulose, carboxymethyl 
starch, alglnrc acid, polyacrylfc-acid-type polymeric components, pectin, xanthan gum, 
tragacantha gum, water-soluble salts of one of said components and mixtures of two or 
more of said polymers or polymer salts. Particularly preferred are hyaluronic acid, 
carboxymethyl oellulose xantan gum, water-soluble salts of one of said components and 
mixtures of two or more thereof. 

The amphlphlllc ammonium-type component of the precipitates comprises one or more 
amphiphllic ammonium-type compounds. Suitable amphlphlllc ammonium-type compounds 
include monomeric compounds having one or more, for instance two, quatemized 
ammonium groups and polymeric compounds, for Instance polymers or copolymers of 
monomers having a quatemized ammonium group. The molecular weight of suitable 
polymeric ammonium-type compounds ranges for instance^ from 10000 to 1500000, in 
particular firom 35000 to 1000000 (detennlned with the light scatter method), the charge 
density, for Instance, from 0.1 to 15, In particular from 0,1 to 10 meq/g. For the purposes of 
this application, the temn ''ammonium-type compound" Is understood as including also 
quatemized N-heterocydIc compounds, for instance N-substltuted pyrldinium compounds. 

« 

Suitable amphiphllic onium fype compouncte include cationic surfactants, several of whidi 
are commercially available. Particularly prefen-ed ampliiphilic ammonium-type compounds 
are, for Instance, benzalkonlum-chlorlde, benzoxonlum-chloride, cetylpyridinium chloride, 
cetyltrimethylammonlum bromide, cocamidopropyl-N,N,N,trimethyIglycine, palmltoyi 
carnitine, sodium-cocylglutamate. Particularly preferred as well are surfactants as marketed 
under the trademark Luvlquat® (BAiSF) and similar types. These include monomeric 
compounds like, for instance, Luviquat®MONO CP, a 30% aqueous solution of 
cetyldimethyl(2-hydroxyethyl)ammonlum dihydrogen phosphate; Luviquat®MONO LS. a 30% 
solution of lauryl/myrtstyl-trimettiylammonlum methylsulfate In water (chaise density c. 2.9 
meq/g; or Luviquat^'Dimer 18, a 50% solution of hydroxypropylbisstearyldimethylammonium 
chloride in a 60/50 m'Ddure of water and ethanol. Suiteble surfectents also Include polymeric 
compounds, in particular copo^ers of vlnylpynrolldone and/or vinylcaproladam w'rth 
monomers having an quatemized ammonium group like trialkylammonlum{meth)acrylates or 
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N-alkylvinyllmldazonnliJm bompounds. Suftabte polymeric surfactants have, for Instance, a 
motecufar weight between 25000 to 1OOO0OO and more (detonnined with the light scatter 
method) and a change density ranging from 0.3 to 10 meq/g. Examples include Luvfquat^Q 
11 PN. a copolymer of 67 %bw vinylpynolldone and 33 %bw dlmethylethylammonium- 
methacrylate ethylsulfate having a molecular weight (determined with the light scatter 
method) of c 1000000 and a charge density of 0.8 meq/g, fn an aqueous scdution of 19-21 
% solids content; LuA^quat®Hold, a copolymer of 50 %bw vinylcaprolacfam, 40 %bw 
vfnylpyrrolldone and 10 %bw N-methylvinyllmldazolinlum methylsulfate having a molecular 
weight (detemnfned with the light scatter method) of c. 700000 and a charge density of 0.5 
meq/g In a water/ethanol solution of 19-21 % solids content; as well as Luviquat*FC 370, 
Luvlquat®HM 562, Luvlqual^FC 905, Luvlquat^Care, which are copolymers of 
vlnylpyrrolldone (VP) and N-methyMnyllmldazol (QVI) in aqueous solution having a 
cornpositlon as detailed In the following table: 



Trademark 


ComposI 
VP 


tlon (%bw] 
QVI 


Anion 


Solids 
Content [%I 


Molecular 
Weight^ 


Charge 
Density 
[n™eq/g]_ 


Luvlauat*FC370 


70 


30 


ci- 


38-42 


C. 100000 


2.0 


Luvlquat^FC 550 


50 


50 


cr 


38^2 


c. 80000 


3.3 


Luvlquat'»HM552 


65 


45 


cr 


19-21 


c- 400000 


3.0 


LuviquafFC 905 


5 


95 


cr 


3&42 


c. 40000 


6.1 


Luvlquat^Care 


80 


20 


H3CSO4' 


6-7 


c. 1000000 


1.09 



^determined with the light scatter method 



Suitable commercially available surfactants may also comprise small amounts of additives, 
for Instance preservatives like alkylparaben compounds, and Inert.organlc solvents, and can 
be readily elected by the skilled person according to the requirements in a specific field of 
use of the predpitates. 

Another specific embodiment of suitable amphiphillc ammonium type compounds are 
corresponding catlonic phospholipids, in particular iysophosphatidyl-choline compounds, 
phosphatidyl choline compounds like, for example, egg^yolk-phosphatldyl choline, 
sphingomyelin, corresponding sphlngosine derivatives and mixtures thereof. Phospholipids 
like those have the advantage that they are of natural origin and therefore especially 
compatible to tissue, on the other side it has been found that hardness and consistency of 
precipitates comprising amphiphillc components of this type is less favorable as compared to 
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precipitates according to the Invention based on other emphiphilic ammonium-fype 
compounds. Phospholipids may also be used (n combination v^th other amphiphilic 
ammonium-type compounds. In partfcuiar in combination with those amphiphilic ammonium 
compounds mentioned above. 

The amphiphilic ammonium type compounds selected from iho group consisting of 
benzalkonlum-cbioride, bensoxonlum-chloride, cetylpyrldinium 
ammonium bromide, cetylpyfidinium chloride cetylMmethylammonium bromide; 
celyldimethyl(2-hydroxyethyl)ammonlum dlhydrogen phosphate (Luviquat*^Mono CP). 
cocamIdopropyl-N«N,N,trimethylglyclne, palmitoyi carnitine, sodium oocyl glutamate and 
mbdures of one or more membens of said group are a particulariy preferred dioice for 
predpitates of the Instant tnvenfion. 

The ^clodextrin component of the predpitates according to the instant invention may 
comprise one or more cyclodextrin compounds. A cyclodextrin compound as Is refenied to 
within the present application Is either alpha, beta or gamma-cyclodextrin itself, a derivative 
thereof, for instance, a partially etherified derivative as e.g. a hydroxyalkyl ether derivative or 
a mixture thereof. It should be noted that a randomly chosen cyclodextrin compound does 
not automatically fomi an Inclusion complex with any randomly chosen other compound, 
which may desired to be Incorporated into the precipitates of the instant Invention- In such 
cases it Is therefore preferred to use the cydodextrin compound that meets the cavity needs 
of other the component or components to be incorporated into the precipitate. These 
correlations are known to those skilled In the art. 

Appropriately substituted alpha-, beta- or gamma-cydodextrins are, for Instance, alkylated, 
hydroxyalkylated. carboxyalkylated or alkyloxycarbonyl-alkylated derivatives. Other typical 
examples are carbohydrate derivatives of cydodextrins such as mono- or diglycosyl-alpha-, 
-beta- or -gamma-cyclodextrin. mono- or dimaltosyl-alpha-, -beta- or -gamma-cydodextrin or 
panosyl-cyclodextrin. 

Prefen-ed predpitates according to the Instant Invention indude particulariy those wherein 
the cydodextrin component Is selected from alfa-cydodextrin» beta-cyclodextrin, gamma- 
cydodextrin and mixtures thereof- 
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Where desired, the precipitates according to the invention may also comprise small 
amounts, for instance effective amounts from 0.0001 up to 6% bw. e.g. o.i to 3% bw, of 
compatible additives Mice, for ^mpie. stabilizers or preservatives, and compatible modifiers, 
for Instance plastidzers orflexIbllizerB, in addition to tlie components mentioned. 

TliB precipitates according to the Invention can, for instance, be manufactured by a process 
wherein the anionic polymeric component, the amphlphilic ammonium-type component, the 
eyclodextrin component and other components to be incorporated into the precipitate are 
contacted with one another either consecutively or simultaneously In an aqueous medium in 
amounts elTeolive to form said precipitate, wherein at least the anionic polymeric component, 
the amphtphiilc component and the cydodextrin component are present In a dissolved form 
when contacted, and v\^erein the amounts of the components are chosen such that ttie 
precipitate fomis. 

The fonmation of the precipitate in the above described process causes an Immediate 
decrease of the viscosity of the reaction mixtures. The precipitate can thereafter be Isolated, 
for instance by filtration or centrifugation, as a wet polymer; 

Optionally, a dry precipitate can be obtained after sufficient and careful drying. Drying can, 
for Instance, advantageously be accomplished by immersing the wet precipitate material, 
optionally after washing It one or several times, preferably with water, into a cooled volatile 
organic solvent, for Instance acetone, having a temperature of preferably less than 12 "C, 
leaving the material in contact with said solvent for a certain time period, for instance a few 
minutes to about one hour, separating It thereafter and removing the remaining solvent, 
optionally at elevated temperature and/or under vacuum. 

The dry precipitate when contacted with water again turns into an elastic, flexible, aibber-like 
plastic, that does not show significant swelling In water upon ra-wetting. The re-wetted matrix 
appears physically stable when stored In water at ambient temperatore for at least 6 months. 
No bacterial or fungal infections were observed when re-wetted matrix was stored for 6 
months in sealed polyethylene bags containing de-ionised water. 
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If desiredr the precipitate can eaeiiy be brought Into any desired shape using conventional 
methods, like pressing or rolling for instance. Just like that It Is possible to form fibers, 
sheets, or threads from the precipitates according to the Invention. 

In a prefeired embodiment of the process for manufacturing the described precipitates, the 
anionic polymeric component, the cyclodextrin component and further components which are 
soluble In water and are to be Incorporated Into said precipitate are dissolved In an aqueous 
medium to form a first composition; the amphlphiiic ammonium-type component and further 
components which are insoluble in water and are to be Incorporated into said precipitate, are 
blended with a suitable liquid carrier, preferably also an aqueous medium, to form a second 
composition, and said first and second composition are blended to forni said precipitate. 

This embodiment of the process can, for instance, advantageously be used to form a coating 
of a precipitate according to the Instent invention on a solid carrier. In this case, the process 
includes coating the earner with said first composition, and a subsequent treatment of the 
so-treated carrier with said second composition to fonn a coating of said precipitate thereon. 
Administration of said first and/or second oomposWon onto the carrier can, for Instance, be 
achieved by spraying, or by any other suitable method. 

With regard to their biomaterial-propertles, the precipitates according to the Insteint Invention 
are partlculariy useful for biomedical applications. They can be used as such, mat means 
without any further components, for Instance, for making biodegradable surface coatings, 
surgical wound covers, dressings or threads. 

A specifically useful embodiment of the instant invention however, are precipitates 
comprising one or more further components which comprise a pharmaceutically active 
agent. The pharmaceutically active agent may, for Instance, be selected from the group 
consisting of steroids, prostanoids, nitrlc-oxide prodrugs, antihistamines, antibiotics, 
cytostatic agents, antivirals, peptide hormones, local anesttietics, anfiglaucoma agents, 
antiinflammatory agents, antihypertensives, antianglogenic agents and suitable mixtures 
thereof. The amount of pharmaceufically active component can vary in broad ranges and 
according to the specific Indication and requirements- Suitable amounts of phannaceutlcal 
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active Ingredient range, for instance fifom 1 to 2p %bw, espedally from 3 to 16 %bw, more 
especially from 5 to 10 %bw» based on the entire precipitate. 

These pharmaceutlcaHy effective precipitates are, among other things, useful for 
manufacturing medfcal devices such as medical Implants or Inserts, or medical suiiace 
coatings, surgical wound covers or threads. 

Partlcuteriy preferred, however. Is the use of such precipitates In the manufacture of 
pharmaceutics. The invention therefore also relates to a pharmaceutical composition 
comprising a precipitate according to the invention which comprises a pharmaceuticaiiy 
active agent 

In particular, the generally prolonged release of pharmaceuticaiiy active agents from the 
preaprtates as compared to when said pharmaceuticaiiy active agents would be 
administered in free form, makes the precipitates of the instant Invention extremely useful, 
for instance, for manufacturing depot formulations of all types of pharmaceuticaiiy active 
agents. 

While said pharmaceutical compositions can, of course, be administered in any suitable way, 
It Is also possible to administer such compositions by consecutive or simultaneous 
administrab'on of one or more compositions, each comprising one or more than one of the 
components of the precipitate intended to administer, and fonning said precipitate In sHu at 
the place of administration. By the way of example, such partial compositions can, for 
instance, be injected into a living body, e-g. subcutaneously or intramuscularly, in order to 
form thereby fn srtu a subcutaneous or intramuscular depot of a desired pharmaceuticaiiy 
active agent at a desired place. It is as well possible, for Instance, to administer 
pharmaceutical compositions onto wounds, sidn or other solid organic surfaces by 
consecutively spraying such partial compositions onto the desired place thereby fonning a 
coating at said place which is able to deliver a desired pharmaceuticaiiy active agent at said 
place over a long time period. 

A further subject of the Instant invention is therefore a l^lt for administering a pharmaceutical 
composition according to the instant invention to a subject by simultaneous or preferably 
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consecutive administration of parts of said composition to said-subject tiierei^y forming said 
composition In situ at the piace of administration, whidh tdt comprises two or more ttian two 
partial compositions, each comprising one or more but not ali of the components of said 
pharmaceutical composition, whereby the components intended to form the predprtate are 
present in said compositions for consecutive or simultaneous administration in amounts 
effective to form the precipitate when contacted with one another. 

A specific form of the described Idt comprises a first composition comprising the anionic 
polymeric component, the cyclodextrfn component and the further components to be 
incorporated into said preclpitete which are soluble In water, dissolved in an aqueous 
medium; and a second composition comprising the amphiphillc ammonium component and 
the components to be incorporated into said precipitate which are insoluble in water, blended 
wVh a suitable liquid carrier, preferably an aqueous medium. 

Specific embodiments of thid kit Include corresponding Idts for subcutaneous or 
intramuscular administration of the pharmaceutical composition, and for administration of the 
pharmaceutical composition by spraying, for instance onto wounds, slcln or other solid 
organic surfaces. 

A further subject of the instant Invention is a method of administering a pharmaceutfcaiiy 
active compound to a subject in need thereof, comprising the administration of a 
pharmaceutical composition according to claim 15 or 16 comprising said phanmaceutically 
active compound. 

Still another subject of the invention is a method for administering a pharmaceutical 
composition as described above to a subject including the simultaneous or preferably 
consecutive administration of two or more than two partial compositions* each comprising 
one or more of the components of said pharmaceutical composition, thereby forming the 
pharmaceutical composition In situ at the place of administration, wherein ttie components 
intended to form the predpitate are present in said partial compositions in amounts effective 
to form the precipitate when contacted with one another. 
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A specific embodrment of said method includes the simultaneous or preferably consecutive 
administration of a first composition comprising Oie anionic polymeric component, the 
Orclodextrin component and the further components comprised In said precipitate which are 
soluble in water, dissolved In an aqueous medium; and a second composition comprising the 
amphiphllic component and components comprised In said precipitate which are insoluble in 
water, blended with a suitable liquid carrier, preferably an aqueous medium. 

The partial compositions can, for Instance, be subcutaneously or Intramuscularly injected in 
the subject or be administered onto wounds, si^in or other solid surfaces of a subject, 
preferably by spraying. 

The following examples explain the invention fn more detail. 

Example 1: Preparation of the hyaluronic add/surfactant/gamma-cyclodextrin biomaterial 

This Example describes a basic precipitate according to the Invention and a method for 
preparing the same. 

50 g of gamma-cydodextrin (gCD) is dissolved In 950 g of deionlzed water at 25 ''C, 
resulting in a slightly ha2y solution. To the stirred gCD solution 10 g of sodium-hyaluronate is 
added and the mixture is stin-ed for 60 minutes at 25 X to obtain a clear or slightly 
opalescent, dense solution with no solid particles. To tills aqueous solution 65 mL of 
Luvtquat Mono CP solution containing 30% (19.5 g) of cetyl-dtmethyi-(2-hydroxy-ethyl)- 
ammonlumdihydrogen-phosphate is added during agitation with 150 r.p.m. (The commercial 
Luvlquat iVIono CP solution is purchased from BASF). The solution turns a white suspension 
and in about 20 minutes after addition of the surfactant white, rubber-like polymer precipitate 
is formed. The reaction mixture is stirred for an additional 10 minutes with 150 r.p.m, then 
allowed to stand at ambient temperature to settle down the body precipitate. The product Is 
isolated by filtration and washed 3-times with 500 mL of deionised water. The washed wet 
product is a white nibber lilce viscoelastio polymer. After drying in vacuum at ambient 
temperature 60 g of white, amorphous solid Is obtained, (yield:75%) 

Three different batches following the above technology were prepared and analyzed by 
HPLC method. Table 1. lists the analysis results of the formed Insoluble polymeric matrices 
after re-dissolved in metiianoK 
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Table 1. HPLC analysis resulls of the composition of precipitates prepared according to 
Example 1. 



Batch No. 


composition by HPLC (%) 


yield (%) 




Na-hyaluronate 


g-CD 


Luvjauat®IVIono CP 




20/51/1 


1Z4 


56.9 


18.0 


75 


20/51/2 


12.7 


52.0 


26.3 


74 


20/51/3 


12.8 


52.0 


25.0 


71 



If IS concluded from the above data that the reprodudbillty of the manufacturing method Is - - 

acceptable. The products prepared acconilng to Example 1 . have similar compositron as 
shown by HPLC analysis. The mother liquor of the above reaction mixture was analysed by 
HPLC and found to contain both gCD and surfactant, but not even traces of the hyaluronic 
acid sodium salt 

It fs moreover of analytical Importance to know the actual water content of these dried 
biometrials. The water content of samples was dfetemilned by both loss on drying and Karl- 
Fisher methods. The water content of three consecutive batches Is given In Table 2 below: 



Table 2 . Water content and loss on drying values of the biomaterials according to 
Example 1. 



Sampile 


water content by Karl Fisher 
(%) 


Loss on drying (%) 


20/51/1 


14.3 


15.9 


20/51/2 


14.8 


15.5 


20/51/3 


14.0 


16,0 



Differential scanning calorimetry shows water losses of at different temperature ranges. This 
indicates that the water content of samples according to the present invention is composed 
from water fractions bound In different manner. 

Example 2: Physical and chemical characterization of the biomaterials according to 
Example 1. 
Chemical compostfion 

The analysis of the composition of the hyaluronic acld/surfactant/ganruna-cyclodextrin 
biomaterials was carried out by using HPLC and C?p«lary Electrophoresis techniques. These 
techniques besides the composition of the matrices gave Information about the chemical 
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mtactness of all three components present in the matrix, indicating that no chemical 
conversion of the components took place upon fomiatlon of the biomaterial. Near-infrared 
(NIR) and NMR spectroscopy provided further ^idence to the fact that no new chemical 
entity Is fomied upon the Interaction of the three" component yielding water-insoluble matrix. 

state characteristics of Hyaluronic a cid/ncb/Hnif actant matri x 
The White, stone hard solid matrfx appears X-ray amorphous. No exact melting point can b» 
determined by using conventional melting point apparatus. Upon heating the solid material 
does not show any phase transition up to 21 0 'd, however, above this temperature the 
polymer matrix turns brown and gets thermally degraded. 

Thermal analysis by Differential Scanning Calorimetry In inert gas atmosphere has further . 
supported the above observation. In nitrogen atmosphere the bfomaterials according to the 
present invention show no exact melting endothermic peak. However, they are characterized 
by a very broad endothemilc heat flow, taking place between 40-188 "C. This process has a 
maximum at around 100 'C, thus It seems to be ifelated to the loss of bound water. At higher 
temperatures this process Is probably overiapped by a glass transition. The endothermic 
heatflow Is followed from 188 'C by a sharp exotiiermic heat-flow with a maximum at 
21S -c. This Is assumed to be the consequence of either a solid state chemical reaction 
between the constituents, or - more likely - the thermal degradation of the polymeric matrix. 



gx^mple3; Preparation of a Luvlquat Mono CP sorfactant/hyaluronic acid/alfa-cyclodextrin 
biomaterial ^ 

16 g of alfa-cyclodextrin (aCD) is dissolved in 1S0 :g of deionised water at 25 "C. To the 
stirred aCD solution 2.0 g of sodium-hyaluronate \k added and the mixture Is stirred for 45 
minutes at 25 »C to obtain a clear dense solution. [To this spIuUon 6.6 mL of Luviquat IWono 
CP (a 30% aqueous solution purchased from BA^ is added during agitation. The solution 
tums a white suspension and in 30 minutes after addition of the suri-actant white mbber-IIke 
polymer precipitate occurs. The reaction mixture is sHn-ed for 30 minutes, then allowed to 
stand at room temperature to settle down the precipitate. The precipitate is isolated by 
filtration and washed with 5 times 30 mL of delonrs'ed water. After drying in vacuum at 
ambient temperature 12 g of a white, glassy solid i^ oblained. (yleld:60%) 
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Example 4: Preparation of a Luvlquat Mono CP surfactanl/hyaluronto add/beta-cydodextrin 

biomaterial 

i 

18 g of beta-(^dodextrin (bCD) is dissolved in 900 grams of deionised water at 37 X. To the 
stin^ed bCD solutfon 2.0 g of sodium-iiyaluronafe Is added and the mixture is stirred for 30 
minutes at 37 ''C to obtain a siightly opalescentjdense solution with no solid partides in it To 
this solution 6.5 mL of Luvlquat IVIono CP (a 30% aqueous solution purchased from BASF) la 
added during agitation. The reaction mixture is cooled from 37 ""C to 25 X solution turns a 
white suspension and in 45 minutes after completing the addition of the surfactant white, 
amorphous polymer precipitate occurs. The reabtlon mixture Is stirred for 30 minutes at 
20 "^C , then allowed to stand at refrigerator. The precipitate is isolated by filtration and 
washed with 5 times 15 mL of deionised water, jvfter drying In vacuum at ambient 
temperature 7,0 g of white, glassy solid is obtained. {yjeld:31.8%) 



Replacement of hyaluronic acid with other anionic polymers. 

It has been found that the basic phenomenon ofithe formation of water'^nsolubie 
biomaterials observed for hyaluronic add/quatemary-ammonlum-type surfactant/ and 
cydodexlrins occurs also with some other water-lsoluble, anionic polymers of different 
chemical structure. It is assumed that anionic po ymers react with cationic amphlphlllc 
molecules (e.g. surfactants) via an ionic Interactibn and cyclodextrlns are bound to this 
macromotecular salts by apolar-apolar interactiofli on the lipophilic tail of the surfactants. This 
is why even excessive washing with water can ntlt remove the highly soluble cyclodextrin 
component of the polymeric matrices- | 
The following common water-soluble Ionic polymers were Involved: 
polysaccharides: 
-Sodium-aiginate 
-Carboxymethyl-cellulose 
-Carboxymethyl starch 
-Xanthan gum 
-Pectin 

-Tragacantha gum 
"Dolvacrvlates: 
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-Qarbopol 980 NF 

-Pionier NP 37N 

Each of the above three anfonic polymers were 
quaternary ammonium-type surfactants and eye 



bund to give a positive reason with 
bdextrins. i.e. they afl fonned a vvaler 



Insoluble precipitate, as it is described in detail t^y the following Ejampies. 

I 

\ 

I 

gX^mPl^.S. Preparation of Carboxymethyi-ceilulose(CIVtC) /Cetyi-trimethyl-ammonlum- 
bronilde(CTAB>/g-cyclodexlrin (gCD) blomateria 

Two separate aqueous solutions were prepared at room temperature and reacted as follows: 

Solution No.1.: 100 mL of 1% CarbojQmrjettiyl-ce^uIose was prepared and upon stii^ng at 
25 "G Sg of crystalline gCD was added porOonudie and dissolved. 

Solution No.2.: 1 00 mL of 5% Cetyi-trimelhyl-ammonium-bromide containing aqueous 
solution. 

Procedure: Soiuton No. 2. was added to Solutior No.1. during a slow stirring (around 30 
r.p.m.) at 25 'C. Upon feeding the solution No.2. a white precipitate fomied immediately. 
After the two solutions were thoroughly mixed for 1 0 minutes with about 30 r.p.m., the 
formed insoluble matrix was filtered off on glass 1 1ter by vacuum. The wet precipitate was 
washed five times with 100 mL of deionised water. The water washing was found to improve 
the consistency, the physical/mechanical properties (elasticity, hardness) of the matifx 
formed. The wet washed product was spread In about 3-5 mm thick layer and allowed to dry 
on air for 12 hours. 

Yield: 8.2 g (74%) of white, amorphous polymer was obtained. 

Table 3. Composition of polymeric matrices prepared according to Example 4. 



Sample 


Analysis oi 


r components by 


NPLC(%)* 




CMC 


1 q-CD 


CTAB 


Matrix 
Example 5. 


About 12 




about 52 


about 30 



Exgmple.6. Preparation of Xanthan 9um/Cefyi-ti1m^fhyi-ammoniunfv-bromidB(CTAB)/g- 
cyciodextrin (gCD) biomaterial 

Two separate aqueous solutions were prepared at room temperature and reacted as follows: 
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Solution No.l: In 100 mL delonlsed water 1g ofiXanthan gum was dissolved, then and upon 
stirring at 25 ''C 5q of crystatllne gCD was added. The resulting solution was a slightly turbid, 
dense, solution. 

Solution No.2,: In 100 mL of delonlsed water 5g Cetyl-trimethyr-ammonlum-bromlde was 
dissolved, resulting in a clear, transparent solution. 

Procedure: Solution No. 2, was added to Solution No.1. during a slow stirring (around 30 
r.p-m.) at 25 X. Upon feeding the solution No,2ja colorless precipitation formed 
Immediately, After the two soluffons were thoroughly mixed for 1 0 minutes with about 30 
r.p.m., the formed insoluble Jelly-like matrix was filtered off. The wet slightly opalescent 
colorless polymeric body was washed five times with 100 mL of delonlsed water. The wet 
product was spread in about 3-5 mm thick layers and allowed to dry on air for 12 hours- 
Yield: 9.1 g (81%) white, glassy polymer was obtained its composition is shown in Table 4. 



Table 4. HPLC analysis results of the composWoip of p6lymeric matrices prepared according 
to Example 6. 



Sample 


Analysis resulte of i 


:x)mDonents by HPLC (%)* 




Xanthan gum 


a4CD 


CTAB 


Matrix as per 
Example 6. 


About 10 


al 


»out 50 


about 35 



Example 7 . Preparation of Xanthan gum/benzalkc nium chlrolclB(BAC)/g-cyclodextrln (gCD) 
biomaterial 

Two separate aqueous solutions were prepared at room temperature and reacted as follows: 

Solution No.l.: In 100 mL delonlsed water 1g of Xanthan gum was dissolved, then and upon 
stln-lng at 25 °C 5g of crystalline gCD was added. Fhe resulting solution was a slightly turbid, 
dense, but stirrable solution. 

Solution No.2.: In 10 mL of 60% (w/v) benzafkonlufn chloride was used. 

Procedure: Solution No. 2. was dropwise added to Solution, No.l . during a slow stirring 
(around 45-50 r.p.m.) at 25 'C. An immediate precipitation formation was observed when 
benzallconium chloride solufion was added. After tt \& two solutions were completely unified 
and thoroughly mixed, dense insoluble colorless polymeric body was formed. The insoluble 
jelly-like matrix was obtained by filtration. The wet | lolymeric body was washed five times 
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with 150 mL of deionised water, and spread 
diy on afr. 



into about 3^ mm thfck layers, and allowed to 



Yield: 10.2 g (92%) colorless polymer was obtained 



urn type surfactant const ituente for 



Eyarripje Selection of the quatemary ammon 
biomaterial production 

TtiB following commen^lly available 8urfiaciant4 of different molecular stmcture have been 
selected as suitable ones for malting blomaterials according to the present Invention: 

cetyl-pyridinium-chloride. CPC, (IWerck) 

c8tyl-trimethyl>«mmonium-bromide, CTAB, {Metpk) 

benzalkonlum chloride, BAC, (Eu. Pharm. Grad4, Novartis) 

benzoxonium chloride, BOC, (Eu. Phanm. Grade . Novartis) 

cocamidopropyt-N.N.N,trlmeth^-glycine (Qoldsc imidt) 



i: Luviquat Hold. Luviquat FC 905, Luviquat 



LuviquatTM (BASF) product group of surfactant: : 
FC 550, Luviquat FC 370, Luviquat Care, Luviquat HIW 552, LuvlquatPQ 11 PN, Luviquat 
MONO CP, LuvlquatMONO LS. 



Exanrtple 9. Application of amino acid and amine derivatives bearing quatemary ammonium 
moiety for the preparation of biomaterial 

The substitution of the quatemary ammonium tyjie surfactants with naturally occurring, more 
tissue-friendly analogous compounds could improve the practical usefulness of these 
polymeric matrices. The systematic screening ha s lead to the recognition that structurally 
analogous substences carrying a quatemary amnonium moiety without longer alkyl-chain 
are not appropriate to form a water-Insoluble matfix according to the present Invention. (See 
Table 5.) 
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Table 5 . Reaction of hyaluronic acid, a quaternary ammonium type substance and gCD 



surfactant substitute 


reaction witit Hy^ 
acfd/gCD 


ituronic 


remarl<s 


choline cfiloride 


no precipita 


e 


reaction mixture remains 
clear 


L-camitine 


no precfplta 


:e 


reaction mixture remains 
clear 


N-guanldinomethyl L- 
Arfllnlne 


no precipital 


e 


reaction mixture remains 
clear 


N.N,N.trimetiiyl-ULysine 


noprecipital 


e-— - - 


reaction mixture remains 
clear 



It can be seen from the above data, that the presence of a lipophilic part on the quaternary 
ammonium-type compounds Is an important pre^requtsite for precipitate formation, thus the 
substance must be of amphiphlffc character. 

Example 10 , Selection of the non-surfactant quaternary ammonium type components for 
building biomaterials 

It has been found that besides the above matrix iprmlng cationic surfactants some of the 
naturally occurring, tissue compatible phosphoitpKis can also be used for making 
biomaterials according to the present invention, iiowever, the hardness and consistency of 
such biomaterials are less favourable than those >f the biomaterials made of surfactants. 

The following substances were found to build polymeric matrices with anionic polymers: 

-sphyngomyellne 

-sphyngosine 

*-lysophosphatfdyi-cholIne 



Example 11. Incoiporatlon of the water-soluble Ketotifen hydrogenfumarate drug into the 
blomateriat according to Example 1. 

The drug-loaded polymeric matrices can principally be prepared in a one pot reaction. If the 
drug active to be Incorporated is a water soluble one. It will be dissolved together with the 
cycloldextrin and the water soluble anionic polymer < 
can be incorporated In a simitar manner, except that they will be dissolved together v^th the 
surfactants or phospholipids, as detailed below: 
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5.0 g of gCD (3.9 mMoi) was dlssofvecf (n 89.7 j 
solution 1.6 g of Ketotlfen-hydrogenfumarate (3 
then 1 .0 g of Na-hyaluronate was added and 
solution and the mixture was stimsd with 600 r.p 
mixture became a dense, viscous solution In 
mL of Lu>^quat IMono CP 30% solution, 
dropwise. The dear reaction mixture Immediately 
semi-solid "body", a precipitate was formed, 
temperature a white. rul)ber-lil<e polymeric matriic 
isolated by simpfe filtration. The wet product was 
and dried to constant weight at ambient tempera 
white, glassy solid, with a Ketotifen content of 8. 



of deionlsed water. To the stirred gCD 
9 mMoO was added with continuous stimng. 
slightly hazy Ketotlfen-g-cyciodextrin 
m. for 60 minutes at 25 "C. The reaction 
abibut 16 minutes. To this dense solution 3.3 
equvival^nt to I.Og of surfoctant was added 

turned a milky suspension, ftom whic^ a 
Further stim'ng for 30 minutes at room 

was obtained. The insoluble material was 
washed 5-times with 5 mL of cold water, 
ture in vacuum. Yield: 6.2g (70% yield) of 
%^ 



Example 12. Pharmaceutical performance of tiie 
Example 1. 

Two consecutive batches of the polymeric matrix 
the sele^d water-soluble investigational daig, 
with flie method described In Example 11. The In 
fomnulation was cam'ed out as follows: 



HA/gCp/Mono CP matrix according to 

were prepared at lab scale and loaded with 
K9toHfsn hydrogenfumarate in accordance 
vitro release profile of the Ketotifen depot 



1 g of the dry polymeric matrix loaded with 
Example 11, was stinred with 600 r.p.m. in 50 mL 
amount of Ketotifen-hydrogenAjmarate was determined 
release test on the two parallel batohes are listed 



Ketotif 9n-hydrogenfumarate according to 

3f deionlsed water at 37 "C. The released 
by HPLC. The nssults of tiie in vitro 
n Table 6. 



r 
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Tabie 6, Release of Ketotifen-hydrogenfumarate from two conseoitive batches of the 
HA/gCD/Luviquat Mono CP polymeric matrix acrarding to Example 1. in deionized water at 
37 X. 



time (minutes) 


Released Ketotifen-hydrogenfumarate (mg/mL) 




HA/gCD/ JWono CP/drug 
(Batcli 1) 


HA/gCD/ Mono CP/drug 
(Batch 2) 


5 


0.19 


0.20 


10 


0.29 


0.30 


20 


0,37 


- 0.42 


30 


0.45 


0.60 


40 


0.50 


0.55 


50 


0.62 


0.56 


60 


0.50 


0.62 


80 


0.58 


0.63 


100 


0.57 


0.66 


120 


0.62 


0.64 



The above data show that the batch to batch reproducibility of the process leading to drug-- 
loaded matrices is acceptable and results in biomaterlals with repoducible pharmaceutical 
performance, ft was found that about 40% of that of the total input amount of Ketotlfen was 
released within two hours tn stined aqueous system from the HA/gCD/ Mono CP matrix 
according to Example 1., whilst the release of the non-formulated plain Ketotlfen is a mudi 
faster under the same conditions. (The same system without any stirring. I.e. only allowing to 
stand In water, will release 40% of the loaded Ketotlfen hydrogen fumarate In about 4-5 days 
only.) 

Example 13 , Effect of the change of matrix composition on the release of water-soluble 
drugs. 

The change of the composition of the water-Insoluble matrices prepared according to the 
present invention was found to affect the release profile of the embedded drugs. Matrices 
with 8% Ketotlfen load were prepared as described tn Example 11. Using two different 
Hyaluronic acid containing reaction mixtures. One contained 1 %. while the other 0.5% 
hyaluronic acid. The reduction of the Hyaluronic acid content In the reaction solution by 50% 
was found to result In such a drug-loaded blomaterial, from which the Ketotlfen release was 
much less retarded. (See Table 7.) The In vitro dissolution test was performed as described 
In Example 12. 
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I^^^^ J- In vRro release of Ketotffen-hydrogenftimarate In defonised water from different 
HA/gCD/Luviqual Mono CP matrices at 37 "C. 



time (minutes) 


Released Ketotlfen-ftvdroaenfumarate rmo/mi \ 




matrix made wHh i.o% 
Hyaluronan 


matrix made with 0.5 % 
Hyaluronan 


5 


0.20 


0.49 


10 


0.31 


0.60 


20 


0.37 


0.69 


30 


0.44 


0,76 


40 


0.50 


0.78 


SO 


0.55 


0.78 


60 


0.55 


0.70 


80 


0.60 


0.88 


100 


0.60 


0.90 


120 


0.62 


0.95 



Based on the above data it can be stated that the in vitro release of water soluble drugs from 
the biodegradable matrices according to the present invention can be adjusted by changing 
the amounf of the polymeric component In the biomaterlals. 

l2SIDfilgJi*Preparatlon of carboxymethyl-cellulose/Cetyl-trlmethyl-ammonlunrhbromide /g- 
cyclodextrin blomaterlal 

Two separate aqueous solutions were made. 

Solution No.1.: 100 mLof 1% carboxymethyl-cellulose and 5% 
g-cyclodextrin containing aqueous solution 

Solution No.2-: 100 mL of 5% Cetyl-trimethyl-ammonlum-bromide containing aqueous 
solution 

Procedure: 

Solution No. 2, was added to Solution No.1. during a slowstimng (around 30 r.p.m.) at 
25 ''C. Upon feeding the solution No.2, an Immediate white precipitation occurred. After the 
two solutions were mixed for 10 minutes with about 30 rp.m. the formed insoluble matrix 
was filtered off by vacuum, and washed 5-times witti 100 mL of delonfsed water. The water 
washing was found to improve the consistency,, the physical/mechanical properties 
(elasticity, hardness) of the matrix formed- Further washing did not reduce the amount of 
insoluble material. 8.1 g white amorphous solid (yleld:74%) was obtained. 
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Example 15, Preparation of Carbopol®980 NF/cetyltrimethylammonium bromide/ 
gamma-cyclodextrin blomaterial 

Solution No.1.: 6 grams of gCD and 1 gram of Carbopoi® were dissolved in 90 mL of 
deionised water. 

Solution No.2. : 3.3 mL of 30% Of Luviquat®Mono CP solution. 

Procedure: Solution No.2 was added to the stinied Solution No.i. at 25 ^'CT Upon mbdhg the 
two solutions a white precipitate was farmed. After about 30 minutes of reaction time no 
body formation was observed, only a floffy white precipitate was obtained. The reaction 
mi)(ture was placed into refrigerator (5 ^C) for 12 hours that resulted in the formation of a 
dense gel. Dilution of this gel with 4000 mL of deionised water, a white insoluble polymeric 
matrix settled down. The precipitate was Altered off and washed with 5-tlmes 100 ml of 
water. The resulting matrix was 5.3 g white, elastic stable material (yield: 75%). 



Example 16 > Surface coating witfi polymer/oyclodextrin/surfactant combinations 

It has t>een surprisingly found ttiat among the studied anionic polymers Carbopoi and 
carboxymethyl-cellulose provide after reaction with qautemary ammonium type surfactants 
and cyclodextrin a product that can be used in diluted form to cover different surfaces with a 
water-insoluble coating. 

Metal, glass and polymer and skin surfaces were treated by applying after each other the 
reaction mixtures according to the present Invention. (Aqueous polymer and cyclodextrin 
solutions, followed by cationic surfactant solution). After drying a flexible, but continuous 
polymeric layer was formed on the surfaces treated. The coating can not be washed away 
not even with excessive amounts of water. Only strong physical intervention, excessive heat 
or the bio-erosion will remove or destroy these coatings. A stainless steel surface was 
coated with Carbopoi/ Cetyl-trlmethyl-ammonlum-bromide /g-cyclodextrin composition made 
according to Example 15. The coating formed on the steel was found to resist to excessive 
water washings, 20-times 100 mL water washing did not remove the coating from the 
surface. However, after 10 times washing with 100 mL of 0.9% aqueous NaCI solution the 
physical erosion of these coatings was initiated. The extent of physical degradation was 
found to increase with increasing Ionic strength of the surrounding solutions. 
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Example 17. Surface coatfng with hydrocortison-toaded polymer/cydodextrin/surfactant 
combinations 

Stainless steel surface (area »15 cm2) was treated after^each other with the following two 
solutions made according to the present invention: 

Solution No.1.: 5 g of g-cyciodextrfn and 1 gram of Carbopoi were dissolved in 90 mL of 
deionised water. 

Sofution No.Z: 3.3 mL of 30% Of Luviquat IWono CP solution, containing about 1 g of cetyl- 
dlmethyl-{2-hydroxyethyl)-ammonlum hydrogenphosphate. In this solution O.lg of 
hydrocortison was dissolved. 

The metal surface was treated by solution No. 1, first followed by solution No.2, The white 
precipitate covered the steel surface within 6 minutes. The surface was allowed to dry on air. 
The in vitro release of the entrapped hydrooortfson from the meatal surface was tested In 
water and in 0.9% NaCI solution at 37 "^C- After 2 hours of stining in water only about 20pg 
hydrocortison was released, while during the same time in 0.9% NaCI solution about 90 m9 
steroid was released. 

Example 18, Characteristics of the physical erosion of the polymer/surfaclant/cyclodextrin 
matn'ces 

Since the principle of the formation of poIymer/cyclodextrinA surfactant Insoluble matrices is 
the combined effect of the electrostatic and apolar-apolar Interactions it was expected that - 
in accordance with published data - the presence of salts {NaCI, NaBr, KCI etc.) will initiate 
and accelerate the disassembly of these supramolecular matrices. Indeed, it was found that 
In the presence of salts like NaCI these matrices, especially those made of Hyaluronic acid 
decompose physically. In a cation concentration dependent manner. 

Under isosmotic conditions i.e. in 0.9% NaCI solution the hyaluronic acid/surfactant/gCD 
Insoluble materials turn water- soluble between 8*-10 days of storage at room temperature. 

Under hyperosmotic conditions (e.g. in 5 or 10% NaCI) solution a complete dissolution of the 
matrices takes place within 2 days. 

The blomaterials made of Carbopoi or Carboxymethyl-cellulose/surfactant/cyclodextrin, 
however, remain physically much more stable even in 5% NaCI solutions. These 
biomateria/s do not show disintegration after 20 days of storage In 0.9% NaCI. Therefore for 
longer lasting depot formulation the Carbopoi- and Carboxymethyl-cellulose based 
blomaterials can be preferably used. 
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Example 19. Release of curcumme from coiorant-loaded blomaterials according to the 
present Invention 

The colorant loaded blomaterlals were made by dissolving curcumine colorant in the 
surfactant applied. ThQ colorant loaded blomaterials made according to Example 1 1 
contained 4.5% curcumine by weight. The yellow colored matrices were cut into two equal 
size parts and Immersed into deionlsed water and to 0.9% NaCI solution. The in vitro release 
profiles of the colorant fforri the solid materices was determined as followsr — 

10 g of the polymeric matrices loaded with curcumine according to Example 1 1 . were stirred 
with 600 r.p.m. in 50 mL of deionlsed water at 37 'C. The amount of curcumine released was 
detemiined by spectrophotometry. The re$ults.of the In vitro release test are listed in 
Table 8. 

TaMe 8. Release of curcumine from Hyaluronic acid/benzalkonium-chloride/gCD biomaterial 



In water and In 0.9% NaCI at 25 



6me (minutes) 


Released Curcumine {%)* 




In water 


In 0.9% NaCI 


5 


1.5 


8.5 


10 


2.9 


13.3 


20 


3.2 


13.4 


30 


3.2 


15.3 


40 


3.5 


18.0 


50 


4.1 


18.6 


60 


4.5 


26.7 


80 


4.8 


27.3 


100 


5.S 


27.6 


120 


6.2 


28.5 



*If the entire amount of curcumine is released it means 100% 



The above data indicate that the extent of release of entrapped materials from the 
biodegradable matrices according to the present Invention is governed by the actual Ionic 
strength of the dissolution/surrounding media. Whenr such blomaterlals loaded with 
pharniaceutlpal actives are Implanted the release of the entrapped actives will be governed 
primarily by the Ion concentration of the sorrounding -tissue, and to a lesser extent by the 
enzymes present. 



1 n . Cl 
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^xafnB|e . ?Q> Release of a steroid drug from drug-foaded biomaterlals acconJIng to the 
present Invention 

The sferoid-ioaded blomaterial was prepared by dissolving testosterone In the 
benzaliconlum-chiorfde surfactant The drug-ioaded biomaterial made according to Example 
1 1 contained 9.0% testosterone by weight The testosterone loaded matrices were cut into 
two equal size parts and immersed Into deionised water and to 0.9% NaCI solution. The In 
vitro release profiles of the steroid from the solid matrices was determined as wntten below: 

10 g of the polymeric matrices loaded, with testosterone according to Example 11. were 
stirred with 300 r.p.m. in 100 mL of de/onised water and in 100 mL of 0.9%, 3.0% and 5.0% 
NaCI 80iuti(»is at 37 "C. The amount of testosterone released was determined by 
spectrophotometiy. The results of the In vitro release test are listed in Table 9. 



T^^'Q 9- In vitro release profile of testosterone from Hyaluronic acld/benzalkonium- 
<^lorfde/gQD biomaterial in water and in NaCI solutions of different concentrations at 37 'C. 



time (hours) 


released testosterone (%) of the total Input amount 




in water 


In 0.8%NaCl 


in 3% NaCI 


in 5%NaCI 


1.5 


2.0 


9.8 


17.0 


18.0 


3.0 


4.6 


12.0 


18.0 


19.0 


6.0 


6.6 


17.6 


18.0 


21.2 



The above data Indicate that the extent of release of entrapped materials from the 
biodegradable matrices according to the present Invention is regulated by the actual ionic 
strength of the dissolution media. When this polymer/surfactant/tydodextrin based 
biomaterial loaded with testosterone is applied Into tjiological systems, the release of the 
entrapped steroid is initiated by tfie cation concentration of the surrounding tissue. This 
disassembly of the supramolecular matrix by the cations present will be followed by the 
release of entrapped testosterone from the gCD complexed form, ensuring a sustained 
release of the testosterone. 

Exapipte g1. In situ formation of insoluble blomaterials loaded with Prostaglandin E2 - 
consecub've injections 

5 of g-cyclodextrin and 1 g of hyaluronic acid are dissolved In 100 mL of sterile deionised 
water for li^ecUon. 2 mL of this dense soIuUon Is filled Into an injection syringe. 
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Another solution Is made by dissolving 1 mg Prostaglandin E2 10 mL 30% Luviquat l\/lono 
CP surfactant. O.S mL of this prostaglandin solution Is transferred into an injection syringe. 
After consecutive subcutaneous injections to rats the bfomaterial loaded with drug is formed 
In sltu.f and a sustained release of prostaglandin is ttius ensured. 

Any type of compositions described fn Examples 1.-15. can be applied as consecutive 
injections resulting in the In sitii formation of insoluble matrices suitable for biomedical and 
other uses. 

Example 22, Preparation of a hyaluronic acid /surfactant/phosphollplds/ gamma-cyctodextrin 
polymeric matrix. 

100 ml volume solution was prepared by dissolving 5 9 of gamma-cydodextrin and 1 g of 
hyaluronic acid in deiontzed water. The solution appears a slightly turbid viscous liquid with 
no solid particles. 

5 mL of 5% aqueous benzalkonium-chloride solution was stirred with 0.3 g of egg yolk- 
phosphatldylchollne at 40 ''C, to get a homogeneous emulsion. 10 grams of the above 
hyaluronic acld/y-cyclodextrin solution was reacted with 5 mL of 

plnosphaOdylcholine/benzallconlum-chloride emulsion at room temperature. After about 10 
minutes of stirring a slightly yellow water Insoluble polymeric material was obtained. The 
polymer was filtered off, washed with 5 mL of deionised water and dried in vacuum over 
P2O6 to constant weight- 
Yield: 0,62g (54%) of gummy solid. 

The composition of the polymeric material according to Example 22 contained about 20% of 
Hyaluronic acid, 40 % of y-cyclodextrin, 25 % of phospholipid and 8% of benzalkonlum 
chloride. 

Example 23. Preparation of an Algtnic acid /surf'actant/ phospholipids/ gamma-cyctodextitn 
polymeric matrix. 

5 mL of 5% aqueous benzalkonlum-chloride solution was stinred with 0.3 g of egg yolk* 
phosphatidylcholine at 40 *C, to get a homogeneous emulsion. 10 grams of 1% afginic acid 
and 5% of gamma-cyclodextrin containing solution was mixed with 5 mL of phosphatidyl- 
chollne/benzaikonium-diloride emulsion at room temperature. After about 15 minutes of 
intense mixing a slightly yellow polymeric precipitate was formed. The precipitate was filtered 
off and washed with 5 mL of water. After drying to constant weight 0.55 g of solid elastic 
gum was obtained. 
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Example 24 , A surgical wound cover sheet made of polymeric matrix according to the 
present Invention 

Polymeric blomateriaJ was prepared according to B^mple 1. The wet product was isolated 
by filtration and washed 3-times with 500 mL of delonlsed water The washed wet product 
was rolled on wet glass surface into an about 1mm thick layer and immersed Into cold (about 
5 ''C } acetone. After about 30 minutes soaking In acetone the product berame a dehydrated 
white solid paper-like sheet After this do^ng process the acetone was removed by 
subsequent drying in vacuum. The product can be re-wetted in sterile water whereas it 
becomes again a visoo-etastic polymer, and can ba applied as a wound covering sheet to 
accelerate wound healing process. 

Examote 25, Antibiotic wound dressing/covering film composed from polymeric matrix 
acxjording to the present invention 

An antibiotic containing mucoadheslve film was prepansd by reacting 100 mL of 1% 
hyaluronic acid solution containing 5g gamma-cycfodextrin with 50 mL of 30% Luviquat 
Mono CP solution containing 1g of dissolved Ciprofloxacfne. After mixing the two above 
solutions a white precipitate formed which was removed by filtration. The white polymeric 
matrix was washed with 50 mL of water and roiled Into a 1 mm thick layer. The wet layer was 
dried in vacuum to constant weight. Yield: lOg of white elastic polymer sheet, which contains 
7.8% of Cipropfloxacine. After sterilization the re-wetting of this polymeric sheet in sterile 
water was found to give a viscoelastic wet film useful for covering of burned skin surfaces or 
wounds. 

Example 26, Conductive polymeric matrix containing entrapped Iodine. 

An electric conductive polymeric fiber was prepared by reacting 100 mL of 1% hyaluronic 
acid solution containing 5g gamma-cyclodextrin with 50 mL of 30% Luviquat Mono CP 
solution containing 1g of dissolved elemental Iodine. After mixing the two above solutions a 
yellowish brown precipitate formed which was separated by filtration. The polymeric matrix 
was washed with 50 mL of water and stretched Into fibers of about 1 or 2 mm diameter. The 
wet fibers were dried by immersing them into cold (10 ''C ) acetone and then were vacuum 
dried. Yield: brown elastic polymer fibers sheet, which contain about 8 % of elemental Iodine 
by weight. The polymeric fiber was found to be electric conductive. The conductivity was 
found different in different directions the axial conductivity in direction of stretching was much 
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higher than that of the transversal. The highly ordered stoicture of this supranriolecular 
assembly enabled electric conductance even in the polymeric matrices without any iodine. 

Example 27. Allantoln containing wound healing cover sheet composed from polymeric 
matrix according to the present invention. 

An allantoin containing mucoadheslve film was prepared by reacting 100 mL aqueous 
solution containing 1g hyaluronic acid and 5g a-cyclodextrin with 25 mL of 30% Luviquat 
Mono CP solution containing 2g of dissolved AUantoin. After reacting the two above solutions^ 
a white precipitate fomned. The polymeric precipitate was removed by fittration and washed 
with 25 mL of water. The wet product was rolled Into a 1mm thicic homogeneous layer. The 
wet layer was dried In vacuum to constant weight. Yield: 7.7g of white polymer sheet After 
sterilization the re-wetting of this polymeric sheet in sterile water gave a viscoelastic film 
useful for wound dressing to assist healing process. 

Example 28. A surgical thread composed from polymeric matrix according to the present 
Invention. 

Hyaluronic acid and gamma-cyclodextrin containing solution was reacted according to the 
reaction scheme described in Example 1. with Luviquat Mono CP solution containing 2% 
glycerine. After the reaction was completed, the resulting wet polymeric matrix was washed 
with delonlsed Water and then a thread was made by stretching and rolling wet polymer Into 
a thread of about 0.2 mm thickness. The thread was immediately soaked in acetone to 
dehydrate, and obtain dry, elastic threads, 

The resulting threads can be used to surgical closures of wounds. These biodegradable 
threads can also be employed as implants after they are loaded with appropriate 
pharmaceutical actives. 

Example 29. In vitro enzymatic degradation of polymeric matrices prepared according to the 
present invention. 

The degradation of hyaluronic acid incorporated Into ttie polymeric matrices according to the 
present invention was tested at pH 6.5 phosphate buffer solution by hyaluronidase enzyme 
after a 42-hour incubation time, using control, untrapped hyaluronic add substrate for 
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comparison. The reaction mfxture after stopping enzyme activify was evaluated by capillary 
zone electrophoresis. The electropherograms show that hyaluronic ackf Is indeed released 
from the polymeric matrix and gets degraded by the hyaluronidase enzymB. The hyaluronic 
acrd /Luviquat Mono CP/r-cycIodextrin matrix according to Example 1. was found to be 
degradabie with the enzyme, but with a slower reaction rate. The distribution of the 
degradation products was similar to those of the control hysdunsnio acid, digested by 
hyaluronidase enzyme. 

Example 30 . The fate of implanted polymeric matrix according to the present invention in 
rats. 

Two animal studies have been performed. In the first, orienting experiments three male 
Whistar rats (average 400 g body weight each) were treated with very high doses (1 g 2 g 
and 4 g) of the polymeric matrix according to Example 1. 

The site of implants on animals were re-opened after two and three weeks, respectively. The 
sunrounding tissue of the implanted polymeric materials was visually and microscopically 
evaluated. Both in case of 1g and 4 g implants the tissue around the Implants was found 
inflamed, moreover, a significant increase in the leukocyte number indicated the 
inflammation status of treated animals. However, the inflammation found was slight, none of 
the treated animals showed systemic toxicity, each survived well, despite the extrenriely high 
applied doses. Three months after implantation the rats receiving 2g implant were still in 
perfect condition* 

The HPLC analysis of the tissue/washing liquid sarriples withdrawn from the implant site 
after 2 weeks, showed that no traces of the hyaluronic acid nor the y-oyclodextrin and 
surfactant could be detected. This indirectly proves ihat the polymeric matrix according to 
Example 1. is completely eliminated after subcutaneous implantation within weeks, even 
when administered at high dose (4 g per 400 g rati ) thus it seems to be biodegradable. 
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What is claimed is: 

1. A precipitate, comprising at least an anionic potynfieric cK^mponent which Is soluble as 
such In water, an amphiphllic ammonium-type component, and a Q/clodextrin component, 
which precipitate Is obtainable by a process including the following steps: 

1 . contacting the anionic polymeric component and the cyclodexlrin component in an 
.aqueous medium, and 

2. adding to the mixture obtained In step 1 said amphlphillc ammonium-type 
component, 

wherein said components are present in amounts suitable to fonm said precipitate. 

2. A precipitate according to claim 1 additionally comprising one or more further componente 
which are added in course of step 1 and/or 2. 

3. A precipitate according to claim 2 wherein the one or more other components are selected 
from pharmaceuticaiiy active agents, pesticides, agrochemicals, colorants, diagnostics. 
en;^mes and foodstuffs. 

4. A precipitate acrordlng to anyone of daims 1 to 3, wherein the anionic polymeric 
component is a member of the group consisting of hyaluronic acid, carboxymethyl cellulose, 
carboxymethyl starch, alginicadd, polyacrylio-acld-type polymeric components, pectin, 
xanthan gum, tragacantha gum, a water soluble salt of one of said components and a 
mixture of two or more of said members. 

5. A precipitate according to anyone of claims 1 to 4, wherein said amphlphillc ammonlum- 
^e component comprises a cationic surfactant. 

6. A predpltate according to anyone of claims 1 to 5- wherein said amphlphillc onium type 
component is selected from the group consisting of benzalkonlum-chloride. benzoxonlum- 
chloride, cetyl-pyridinium chloride, cetyltrimethylammonium bromide. cetyldlmethyl(2- 
hydroxyethyl)ammonium dihydrogen phosphate (Luviquat® iVIono CP), cocamidopropyl- 

A 
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N,N,N,trlfnethyl-glycine, palmttoyi carnitine, sodium cocyl glutamate and mixtures of one or 
more members of said group. 

7. A precipitate according to anyone of daims 1 to 6, wherein said amphiphilic onium type 
component comprises a catfonic phospiiollpid. 

8. A precSpitate acconJing to daim 7, wherein tlie cationic pliosphollpid is sefected from 
lysophosphatidyl-choline compounds, phosptiab'dyl ctioline compounds, spiiingomyeiin. 
sphingosine derivatives and mixtures thereof. 

0. A precipitate according to anyone of daimS 1 to 8 wherein the (^clodextrin component is 
selected from alfa-cyciodoxtrln, tjeta-cyolodextrin. gamma-cydodextrin and mixtures thereof. 

10. A precipitate according to daim 3, wherein the one or more further components comprise 
a phamiaceuticany active agent 

1 1. A precipitate according to claim 10, wherein the pharmaceuHcaIfy active agent is 
selected from the group consisting of steroids, prostanoids. nltric-oxIde prodrugs, 
antihistamines, antibiotics, cytostatic agents, antiVfnals, peptide hormones, local anesthetics, 
antlglauooma agents, antirnflammatory agents, antihypertensives, anWanglogenlc agents and 
suitable combinafaons thereof. 

12. A process for manufacturing a precipitate according to anyone of claims 1 to 11. wherein 

• the anionic polymeric component, the oyclodextrln component and further 
components comprised fn said precipitate which are soluble in water are dissolved In 
an aqueous medium to fonm a first composition; 

• the amphiphilic component and further components comprised in said precipitate 

, which are Insoluble in water are blended with a suitable liquid carrier, preferably an 
aqueous medium, to form a second composition, and 

• said first and second composition are blenderf to form said precipitate. 

: J 
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13. A process according to claim 12, wherein the precipitate Is brought into a desired shape. 

14. A process according to claim 12 Including a treatment of a non-liquid carrier for coating It • 
with said first composition and a subsequent treatment of the so-treated carrier with said 
second composition for fomiing a coating of said precipitate on said carrier. 

15. A pharmaceutical composition comprising a pr^icipitate accdindihg to claim 10 or 11. 

16. A pharmaceutical composition according to dajm 15, which Is a depot formulation. 

17. A medical device comprising a precipitate according to dalm 10 or 1 1 . 

1 8. A medical implant or insert according to claim 17. 

19. A kit for administering a phannaceubcal composition according to claim 16 oris to a 
subject by simultaneous or preferably consecutive administration of parts of said 
composition to said subject thereby forming the composition In situ at the place of 
administration, which l<il comprises two or more than two partial compositions, each 
comprising one or more of tt»e components of said phamiaceutical composition, whereby the 
components Intended to form ttie precipitate are present In said compositions for 
consecutive or simultaneous administration In amounts effective to form the precipitate. 

20. A l<it according to claim 19 comprising 

• a first composition comprising the anionic polymeric component, the cyclodextrin 
component and the further components comprised In said precipitate which are 
soluble In water, dissolved In an aqueous medium; and 

• a second composition comprising the amphlphilic component and components 
comprised In said precipitate which are insoluble in water, blended with a suitable 
liquid canrier, preferably an aqueous medium. ^ 
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21. A kit according to claim 19 or 20 adapted to a subcutaneous or intramuscuiar 
administration of the pharmaceutical composition. 



22. A kit according to daim 19 or 20 adapted to the administration of the pharmaceutical 
composition onto wounds, skin or other solid surfiaces by spraying. 



23. A method of administering a phamnaoeutically active compound to a subject In need 
thereof, comprising the administration of a phamriaceutical composition according to claim 15 
or 16 comprising said phamiaceutically active compound. 

24. A method for administering a pharmaceutical composition accofding to claim 15 or 16 to 
a subject including tfie simultaneous or preferably consecutive administration of two or more 
than two partial compositions, each comprislrig one or more of Uie components of said 
phamiaceuflcal composition, thereby formlng'the phannaceutical composition /n situ at the 
place of administration, wherein the components intended to ftomi tiie precipitate are present 
in said partial compositions in amounts effective to fbnii the precipitate when contacted witti 
one anotiier. 



25. A method according to daim 24 Including the simultaneous or prelerably consecutive 
administration of a first composition comprising tfie anionic polymeric component, ttie 
cyclodextrin component and the further components comprised In said precipitate which are 
soluble in water, dissolved In an aqueous medium; and a second composition comprising tiie 
amphlphlllc component and components comprised In said precipitate which are insoluble In 
water, blended with a suitable liquid carrier, preferably an aqueous medlurn. 

» 

26. A mettiod according to claim 24 or 25 wherein the partial compositions are 
subcutaneously or intramuscularly injected in the subject. 



27. A method according to claim 24 or 25 wherein the partial compositions are administered 
onto wounds, skin orotiier solid surfaces, prefarebly by spraying. 
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Abstract: 

The present Invention relates to novel materials, particularly biomaterlals. in form of a 
precipitate, comprising an anionic polymeric .component which Is soluble as such In water, an 
amphlphillc ammonium-type component, a cydodextrin component and optionally one or 
more further components, which precipitate fs obtainable by a process Including the following 
steps: 

1. contacting the anionic polymeric componfent and .the qyclodextriri component In an 

aqueous medium, and 

2. adding to the mixture obtained in step 1 said amphiphilic ammonium-type component, 
opUonally In the presence of said one or more further components, wherein said components 
are present In amounts suitable to form said precipitate. The precipitates are particutariy 
useful as controlled-release depot formulations suitable for long-lasting acHve Ingredient 
delivery. The further components incorporated Into the precipitates can be pharmaceutical 
compounds, pesticides, agrochemlcais. colorants, diagnostics, enzymes, foodstuffs etc. 
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